ChemComm

Accepted Manuscript

This is an Accepted Manuscript, which has been through the RSC Publishing peer
review process and has been accepted for publication.

Accepted Manuscripts are published online shortly after acceptance, which is prior
to technical editing, formatting and proof reading. This free service from RSC
Publishing allows authors to make their results available to the community, in
citable form, before publication of the edited article. This Accepted Manuscript will
be replaced by the edited and formatted Advance Article as soon as this is available.

ChemComm

Downloaded by Indiana University - Purdue University
Published on 05 October 2012 on http://pubs.rsc.org

To cite this manuscript please use its permanent Digital Object Identifier (DOI®),
which is identical for all formats of publication.

More information about Accepted Manuscripts can be found in the
Information for Authors.

Please note that technical editing may introduce minor changes to the text and/or
MMM | graphics contained in the manuscript submitted by the author(s) which may alter
“ content, and that the standard Terms & Conditions and the ethical guidelines
that apply to the journal are still applicable. In no event shall the RSC be held
responsible for any errors or omissions in these Accepted Manuscript manuscripts or
any consequences arising from the use of any information contained in them.

RSCPublishing www.rsc.org/chemcomm

Registered Charity Number 207890


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/c2cc36196e
http://pubs.rsc.org/en/journals/journal/CC

Page 1 of 3

Downloaded by Indiana University - Purdue University at Indianapolis on 07 October 2012

Published on 05 October 2012 on http://pubs.rsc.org | doi:10.1039/C2CC36196E

@

4

4

[

S

a

S

by

=3

COMMUNICATION

CREATED USING THE RSC COMMUNICATION TEMQKH%W&% I-'TgEE WWW.RSC.ORG/ELECTRONICFILES FOR DETAILS

www.rsc.org/chemcomm | ChemComm

Ruthenium-Catalyzed Oxidative C—H Alkenylation of Aryl Carbamates

Jie Li, Christoph KornhaaR and Lutz Ackermann*

View Online

Received (in XXX, XXX) Xth XXXXXXXXX 200X, Accepted Xth XXXXXXXXX 200X

First published on the web Xth XXXXXXXXX 200X
DOI: 10.1039/b000000x

A cationic ruthenium(ll) catalyst enabled highly efficient
oxidative alkenylations of electron-rich arenes bearing
removable, weakly coordinating carbamates, and allowed for
cross-dehydrogenative C-H bond functionalization in an aerobic
manner.

Palladium-catalyzed alkenylations of aryl (pseudo)halides
with alkenes, Mizoroki-Heck reactions, have matured to being
among the most reliable methods for the synthesis of
substituted styrenes.”” > A more atom- and step-economical
strategy, however, relies on twofold functionalizations of
otherwise unreactive C—H bonds as latent functional groups.’
The majority of these cross-dehydrogenative
alkenylations was accomplished using palladium or rhodium
complexes, with notable recent progress being accomplished
by among others Miura and Yu.* > On the contrary, less
expensive ruthenium complexes were only recently identified
as viable catalysts for environmentally benign twofold C-H
bond alkenylations. Thereby, carbonyl- and N-heteroaryl-
substituted, thus electron-deficient, arenes as well as anilides
were converted into the corresponding ortho-olefinated®
products.” Contrarily, the use of air- and moisture stable
ruthenium complexes for challenging oxidative C-H bond
alkenylations with widely accessible phenol derivatives has
unfortunately thus far proven elusive. In the course of our
continuing efforts in  step-economical C-H bond
functionalizations,® we devised reaction conditions for
ruthenium-catalyzed cross-dehydrogenative alkenylations of
aryl carbamates bearing removable directing groups, on which
we wish to report herein. Importantly, aryl carbamates are key

intermediates in organic synthesis, and serve as versatile
9,10

vast

organic electrophiles in transition-metal-catalysis.
Preliminary studies with a naphthyl carbamate indicated that
the desired oxidative alkenylation was not viable with CsOAc
or KPF4 as the co-catalytic additive. However, satisfactory
results were gratifyingly achieved when employing 10 mol %
of AgSbFs. The desired olefination did not occur in the
absence of the ruthenium complex [RuCly(p-cymene),] (Table
1, entry 1). Among a set of representative solvents, DME
turned out to be optimal (entries 2—6), and the catalytic system
was found to be air-stable (entry 7). Notably, the cross-
dehydrogenative alkenylation failed to proceed in the absence
of AgSbF¢ as the co-catalyst (entry 8), thus being suggestive
of the formation of a cationic ruthenium catalyst. Yet, the
preformed cationic complex [Ru,Cls(p-cymene),][PF¢]™
bearing the PFg¢-counteranion did not deliver the desired
product 3a under otherwise identical reaction conditions

(entry 9).

Table 1 Optimization of oxidative alkenylation®

Me (o) NMe,
H
L™ e
55 ¢}
H
1a

[RuCly(p-cymene),]
(2.5 mol %) o

Me
AgSbFg (10 mol %)
e .

m

Cu(OAC),H,0 ¢}
solvent, 110 °C, 24 h |
2a 3a CO,E
Entry Catalyst Solvent Yield (%)
1 DME
2 [RuCly(p-cymene),] DMF -—-
3 [RuCly(p-cymene),] PhMe -
4 [RuCl,(p-cymene),] DCE 40
5 [RuCly(p-cymene),] t-AmOH 48
6 [RuCl,(p-cymene),] DME 84
7 [RuCl,(p-cymene),] DME 86"
8 [RuCl,y(p-cymene),] DME -
9 [Ru,Cl;(p-cymene),][PFs] DME -

“ Reaction conditions: 1a (0.5 mmol), 2a (1.0 mmol), catalyst (2.5 mol
%), Cu(OAc),-H,O (1.0 mmol), solvent (3.0 mL); isolated yields. * Under
60 air. © Without AgSbFs.

With an optimized catalytic system in hand, we tested the
influence of the N-substituents of phenyl carbamates 1 on the
reaction efficacy (Scheme 1). Thus, dialkyl-substituted
carbamates 1 furnished the desired products 3 in high yields,

6s with atom-economical N,N-dimethyl derivative 1b providing
the best results.

[RuCly(p-cymene)],

CO,Et

OYNRZ (2.5 mol %) OT
H AgSbFg (10 mol %)

+ NN _ P T T

@H 0 7 TCOE Cu(OAC)7H,0 0
DME, 110 °C, 24 h |
1 2 3
O\H/NMez O\n/NEtz o) D
CO,Et CO,Et COLEt
3b: 68% 3c: 67% 3d: 55%

Scheme 1 Effect of N-substituents on oxidative C—H bond alkenylation.

70 Subsequently, we probed the scope of the optimized catalyst
in the twofold C-H bond functionalizations with moisture-
stable phenol derivatives 1 (Scheme 2). The cationic
ruthenium(II) catalyst proved broadly applicable and tolerated
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valuable functional groups, including aryl and alkyl fluorides,
chlorides or bromides, the latter of which should prove 20
valuable for a post-synthetic elaborations of products 3.
Additionally, both electron-deficient as well as electron-rich
arenes 1 were found to be suitable substrates, and delivered

the corresponding styrenes 3  with excellent E-
diastereoselectivities.

o

[RuCly(p-cymene)],
(2.5 mol %)

AgSbFg (10 mol %) R

(0] NMe,
- | \n/ NN
R~ + =~ >CO,Et
NS u (0] Cu(OAC),-H,0
DME, 110°C, 24 h
1 2
R Me
O\n/ NMe, O\H/NMez Me OT NMe;,
o) R 0 o
| | |
CO,Et CO,Et CO,Et
R =Me (3e): 70% R=Me 3l) 56% 3q: 78% S
R=Ph(3f): 77% R =Ph (3m): 59%

R =i-Pr(3g). 79%

R = OMe (3n): 65%

Importantly, the double C—H bond functionalization was not
limited to the wuse of stoichiometric amounts of
Cu(OAc),*H,0. Indeed, aerobic oxidative alkenylation% )
proved viable with Cu(OAc),*H,0 as the cocatalyst unXé?V\e/ln nline
atmosphere of ambient air (Scheme 4).

[RuCl,(p-cymene)],

5.0 mol %,
AgSbFg (20 mol %)

Cu(OAc),-H,0
R—/ | O\H/NMei Hao o~ lf§0m3|2%§
~ o Z~ "COEt “pME 110°C, 24 h
H ambient air
1 2
o~ o
Ph o\ﬂ/NMe2 o\n/NMe2 X _COEt
] o 99
3w.8%  COE 3us0%  COE 3r: 54%

Scheme 4 Aerobic oxidative C—H bond alkenylation.

R = OMe (3h): 65% R=F(30): 60%
R=F@i; 73% R=Br(3p): 61%
R=CF;(3)): 65%
R=Cl(3k): 51%

10 Scheme 2 Scope of oxidative C—H bond alkenylation.

Furthermore, we observed that intramolecular competition
experiments with meta-substituted substrates 1 proceeded with
high site-selectivities, furnishing products 3r-3ae as the sole
products (Scheme 3). The ruthenium(Il) complex again
displayed a useful chemoselectivity, and allowed for the
effective conversion of various acrylic esters 2 as well.

30

o

[RuCl,(p-cymene)],
(2.5 -5.0 mol %)

O.__NMe; AgSbFg NMe;
/ )’ 0,
Rl ] . Ha Ao (10-20 mol %) s
X b9 Cu(OAC)2H,0 o)
DME, 110 °C, 24 h
1 2 2
NMe, CO.R
o/g o
X _COEt R! O\ﬂ/NMe2 R! OTNMeZ
0 Y @&
R | |
CO,Et CO,Et
R'=H@r: 76% R'=H (3u): 87% R'=Ph 3w): 97%
R" = OMe (3s): 68% R" = Br (3v): 73% R'=Br(3x): 60%
R'=CI@3t: 74% R'=1@3y): 51%
CO,Et
Pz
Me
Me 0. _NMe, o O.__NMe,
~ i g i
o ° o]
0 (0] (0] NMe, Me |
N COEt 40
CO,Et
32 56% 3aa; 87% 3ab: 66%
Me OT NMe,
[e]
| 45
CO,R?

R2=Me (3ac); 87%
R2 = n-Bu (3ad): 97%
R2=Bn (3ae): 95%
Scheme 3 Scope within intramolecular competition experiments.

Importantly,

the carbamate directing group was

easily

removed to deliver the desired phenol 4a (Scheme 5).

Me 0. _NMe, Me OH
T NaOH
o) EtOH,
‘ 80°C, 15h
CO,Et 73% CO,H
3a 4a

Scheme 5 Removal of directing group.

Considering the remarkable activity and high selectivity of the
cationic ruthenium(Il) catalyst, we became interested in
probing its mode of action. To this end, we conducted
with differently
substituted arenes 1, which revealed electron-rich substrates
to be preferentially converted (Scheme 6, and Scheme S-1 in
the Supporting Information).

OTNMez O\n/NMez
/[ :[ o (0]
MeO H

MeO |

intermolecular competition experiments

2a
[RuCl,(p-cymene)],
(2.5 mol %)

. AgSbFg (10 mol %)
_AgobTeTIIMAT 7o) | +
Cu(OAC),H,0

OTNMez DME, 110°C, 24 h O\[]/NMSQ
JON! !
FsC H FaC |

CO,Et
3af: 17%

CO,Et

1n (2.0 equiv) 3n:81%

1af (2.0 equiv)

Scheme 6 Intermolecular competition experiments.

Based on these mechanistic studies as well as our previous
findings with cationic ruthenium(Il) catalysts’®® we propose
the catalytic cycle to involve an initial base-assisted,
reversible cycloruthenation.11 Thereafter, coordinative
insertion of alkene 2 and p-hydride elimination deliver
product 3, while reductive elimination and reoxidation by
Cu(OACc),*H,0 regenerate the active cationic catalyst.

In conclusion, we have developed ruthenium-catalyzed
oxidative C—H bond alkenylations with electron-rich phenol
derivatives. Thus, a cationic ruthenium(II) complex set the

2 | Chem. Commun., 2010, 46, 00—00
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stage for site-selective, broadly applicable olefinations of aryl
carbamates displaying removable directing groups, which also
proved viable in an aerobic fashion with ambient air as the
ideal terminal oxidant.
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